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METHODS AND DEVICES FOR DELIVERY
OF A PROSTHETIC VALVE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of and priority
to U.S. Provisional Application No. 62/614,488, filed on Jan.
7, 2018, and the present application 1s also a continuation-
in-part of U.S. Non-Provisional Application Ser. No. 14/774,
037, filed on Sep. 9, 2013, which 1s a U.S. National Stage
Entry of International Application No. PCT/US2014/
029315, filed on Mar. 14, 2014, which claims the benefit of
and priority to U.S. Provisional Application No. 61/784,973,
filed on Mar. 14, 2013, the entireties of each of which are
incorporated herein by reference.

TECHNICAL FIELD

The present subject matter described herein relates to
prosthetic heart valve delivery systems and methods for
transcatheter delivery of a valve through the venous system.

BACKGROUND

Prosthetic heart valves are used to replace damaged or
diseased heart valves. In vertebrate animals, the heart 1s a
muscular organ with four pumping chambers: the left and
right atria and the left and right ventricles each provided
with 1ts own one-way valve. The natural heart valves are
identified as the aortic, mitral (or bicuspid), tricuspid and
pulmonary valves. Prosthetic heart valves can be used to
replace any of these naturally occurring valves, although
repair or replacement of the aortic or mitral valves 1s more
common since they reside 1n the left side of the heart where
pressures are the greatest.

A conventional heart valve replacement surgery mvolves
accessing the heart 1n the patient’s thoracic cavity through a
longitudinal incision in the chest. For example, a median
sternotomy requires cutting through the sternum and forcing
the two opposing halves of the rnib cage to be spread apart,
allowing access to the thoracic cavity and heart within. The
patient 1s then placed on cardiopulmonary bypass, which
involves stopping the heart to permit access to the internal
chambers. Such open-heart surgery 1s particularly mnvasive
and 1volves a lengthy and diflicult recovery period.

Percutaneous delivery of an aortic valve has recently
emerged as a promising alternative to surgical valve replace-
ment. Presently, transcatheter implantation 1s accomplished
by a transtemoral pathway with retrograde access to the
native aortic valve. This minimally invasive aortic valve
replacement has resulted 1n decreased hospitalization, reduc-
tion in sternal wound complications, reduced surgical
trauma and immproved cosmesis. Despite the success of
transcatheter delivery through the femoral artery, there are
significant drawbacks, especially 1n the elderly population,
which 1s a population that benefits greatly from minimally
invasive procedures.

In some patients, arterial diameter 1s too small to safely
accommodate passage ol a delivery system due to the
buildup of plaque and the presence of stents previously
implanted. Dislodging of plaque material during a transcath-
eter procedure can result in generation of emboli leading to
risk of stroke. Accordingly, it 1s desirable to devise addi-
tional systems to allow transcatheter delivery of a valve
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2

prosthesis through the venous system, which generally has
a larger mner diameter and can better accommodate the
compact delivery system.

The foregoing examples of the related art and limitations
related therewith are intended to be illustrative and not
exclusive. Other limitations of the related art will become

apparent to those of skill in the art upon a reading of the
specification and a study of the drawings.

SUMMARY

The following aspects and some embodiments thereof
described and illustrated below are meant to be exemplary
and 1illustrative, not limiting 1n scope.

Transcatheter delivery of a valve prosthesis to the heart
traditionally mvolves delivery through the vena cava and
through the chambers of the heart. Due to the heart structure,
such delivery requires that the system catheters be able to
maneuver tight turns without damaging the surrounding
tissue or the system itself. Described below are prosthetic
valve delivery systems, valve prostheses, and methods of
using the same, which provide increased tlexibility for such
transcatheter delivery in addition to the reduced diameter,
which makes transcatheter delivery possible. Further, such
systems, valve prostheses, and methods permit a clinician to
more easily control expansion, placement, and release of a
valve prosthesis. Further, some embodiments provide for
systems and valve prostheses that can be delivered n a
radially compact delivery configuration that achieves
numerous advantages over conventional systems and
devices, as described herein.

Some embodiments disclosed herein provide a delivery
system for delivering a valve prosthesis. The valve prosthe-
s1s can comprise a radially expandable valve anchor, a
support frame positionable within the valve anchor, and a
plurality of valve leatlets coupled to the support frame. The
delivery system can comprise a core member and an engage-
ment mechanism for releasably engaging the valve anchor.
The engagement mechanism can optionally be slidably
coupled to the core member. The engagement mechanism
can engage with a lock component, which can optionally be
slidably coupled along the core member. Accordingly, 1n
some embodiments, the engagement mechanism can be
displaced or moved relative to the core member to releasably
engage one or more features of the valve prosthesis. The
engagement mechanism can permit one or more aspects of
the valve anchor to radially expand while radially restricting
expansion of or engaging with one or more adjacent aspects
of the support frame.

For example, 1n some embodiments, the delivery system
can engage one or more anchoring legs of the valve anchor
with an engagement mechanism while being disengaged
from one or more U-shaped member, anchoring member,
valve clasper, sinus locator, valve positioner, or valve hang-
ers of the valve anchor. The U-shaped members can each
comprise a base portion that can be used to engage with
certain aspects of the native valve structure, such as the
aortic sinus, mcluding the posterior aortic sinus, the left
aortic sinus, and/or the right aortic sinus, of a native aortic
valve. The base portions can have rounded or atraumatic
shapes that permit the base portions to be expanded and
fitted 1nto respective sinuses of the valve. Accordingly, 1n
some embodiments, the delivery system can engage one or
more anchoring legs of the valve anchor while the base
portions of the U-shaped members expand relative to the one
or more anchoring legs, thereby allowing a clinician
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manipulate or move the base portions relative to the native
valve structure to properly seat the valve anchor relative to
the native valve structure.

In some embodiments, the base portions and the anchor-
ing legs can extend 1n a longitudinal direction along the
valve anchor. For example, the valve anchor can comprise
three base portions and three anchoring legs. Each of the
anchoring legs can be nterconnected with and alternatingly
interposed between respective base portions. First end sec-
tions ol the anchoring legs can be interconnected with
respective first end sections of the base portions. Further,
second end sections of the anchoring legs can be releasably
couplable to the delivery system using the engagement
mechanism while second end sections of the U-shaped
members (or base portions) can move independently of the
second end sections of the anchoring legs (i.e., the second
end sections of the anchoring legs may be coupled to the
delivery system and the base portions of the U-shaped
members can expand relative to the engaged second end
sections of the anchoring legs).

Optionally, 1n some embodiments, the second end sec-
tions or base portions of the U-shaped members can be
maintained 1n a compressed configuration using a sheath.
For example, the sheath can be slidably positioned over the
valve anchor and be retractable 1n order to permit the
U-shaped members of the valve anchor to expand relative to
the anchoring legs. Thereatter, the clinician can maneuver
the base portions of the U-shaped members into position
relative to the native valve structure. Once the base portions
are properly positioned relative to the native valve structure
(c.g., at a desired final position), the anchoring legs can be
disengaged, thereby permitting the valve anchor to fully
expand and be released from the delivery system. Once the
valve anchor 1s seated or positioned relative to the native
valve structure, the support frame can be positioned longi-
tudinally within the lumen of the valve anchor, expanded,
and released 1into engagement with the valve anchor. Other
teatures and steps of the delivery system, the valve anchor,
and methods of assembling and delivering the valve pros-
thesis are discussed further herein.

In accordance with some embodiments, the engagement
mechanism can comprise a pin assembly. The pin assembly
can include (1) a tubular component having current proximal
and distal sections, and (11) at least one pin coupled to the
distal section. The pin can extend proximally from the distal
section toward the proximal section and be radially spaced
apart from the tubular component.

In some embodiments, the lock component can include at
least one lock aperture (1) proximal to the tubular component
distal section and (11) configured to permait the at least one
pin to extend therethrough.

Optionally, the valve anchor can include at least one
anchoring leg. The anchoring leg can have a coupling
portion with a connection aperture disposed therethrough to
permit the engagement mechanism to engage the anchoring,
leg.

For example, in an engaged configuration, the tubular
component distal section can be axially spaced apart from
the lock component at a first distance to permit the at least
one pin to extend through the connection aperture of the
anchoring leg and the lock component lock aperture to
interconnect the valve anchor leg with the engagement
mechanism. Thus, 1n the engaged position, the anchoring leg
can be engaged with the pin and interposed between the
tubular component distal section and the lock component. In
a released configuration, the tubular component distal sec-
tion can be axially spaced apart from the lock component at
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a second distance, greater than the first distance, to position
or release the at least one pin outside of the lock aperture to
permit the anchoring leg to disengage from the at least one
pin.

In accordance with some embodiments, methods for
delivering a valve prosthesis to a target location 1n a vessel
ol a subject can 1nclude mtroducing a delivery system into
the vessel to position a valve anchor at the target location. A
sheath of the delivery system can be proximally retracted to
permit the U-shaped members of the valve anchor to expand
at the target location for positioning the valve anchor relative
to the native valve structure. Once the base portions of the
U-shaped members are engaged or seated within respective
valve sinuses, for example, the anchoring legs of the valve
anchor can be released to permit the valve anchor to fully
expand within the native valve structure. Thereafter, a
support frame of the valve prosthesis can be positioned
within a lumen of the valve anchor, expanded, and engaged
with the valve anchor. The delivery system can thereatiter be
removed from the patient.

Optionally, the valve anchor can be released by disen-
gaging an engagement mechanism of the delivery system.
For example, the engagement mechanism can comprise a
pin assembly that engages with one or more anchoring legs
of the valve anchor. The pin assembly can comprise a lock
pin carrier that 1s coupled to a plurality of pins. In order to
disengage the engagement mechanism, the lock pin carrier
can be contacted by a lock activator 1n order to move the
lock pin carrier relative to the anchoring legs in order to slide
the pins out of engagement with the anchoring legs. The lock
pin carrier can slide along and relative to a core member of
the delivery system.

In some embodiments, the delivery system can comprise
a nose cone having an engagement area and a plurality of
apertures through which the pins can extend to permit the
anchoring legs of the valve anchor to be engaged and
restrained within the engagement area.

Optionally, the lock pin carrier can be at least partially
disposed within a cavity of the nose cone and slide there
within 1n order to move the pins into or out of the engage-
ment area. For example, when the lock activator contacts the
lock pin carrier, the lock pin carrier can be distally advanced
relative to the engagement area of the nose cone, thereby
withdrawing the pins from the engagement area and disen-
gaging the pins from the anchoring legs of the valve anchor.

Accordingly, various embodiments can be provided 1n
which movement of the engagement mechanism can cause
disengagement of the delivery system from the anchoring
legs of the valve anchor, thereby permitting release of the
valve anchor from the delivery system.

Additional embodiments of the present devices and meth-
ods, and the like, will be apparent from the following
description, drawings, examples, and claims. As can be
appreciated from the foregoing and following description,
cach and every feature described herein, and each and every
combination of two or more of such features, 1s included
within the scope of the present disclosure provided that the
features included in such a combination are not mutually
inconsistent. In addition, any feature or combination of
features may be specifically excluded or omitted from any
embodiment of the present disclosure. Additional aspects
and advantages of the present disclosure are set forth in the
tollowing description and claims, particularly when consid-
ered 1 conjunction with the accompanying examples and
drawings.

Additional features and advantages of the subject tech-
nology will be set forth 1 the description below, and 1n part



US 11,259,923 B2

S

will be apparent from the description, or may be learned by
practice of the subject technology. The advantages of the
subject technology will be realized and attained by the
structure particularly pointed out in the written description
and embodiments hereot as well as the appended drawings.

Certain features of valve prostheses, delivery devices,
actuation handles, other devices, systems, and methods
which can be implemented with the valve prostheses, deliv-
ery devices, actuation handles, other devices, systems, and
methods discussed 1n the present disclosure, can implement
teatures of and/or be used 1n combination with other features
of valve prostheses, delivery devices, actuation handles,
other devices, systems, and methods described for example
in International Application No. PCT/US2019/012406,
entitled HEART VALVE PROSTHESIS AND DELIVERY,
filed on Jan. 4, 2019, by J1 Zhang, Brandon G. Walsh, Cheng
Yong Yang, Jinhua Zhu, and Dennis Michael McMahon, and
in International Application No. PCT/US2019/012408,
entitled PROSTHETIC HEART VALVE DELIVERY SYS-
TEM, filed on Jan. 4, 2019, by J1 Zhang, Brandon G. Walsh,

and Cheng Yong Yang, the entirety of each of which is
incorporated herein by reference.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the subject technology.

BRIEF DESCRIPTION OF THE DRAWINGS

The following figures are included to illustrate certain
aspects of the present disclosure, and should not be viewed
as exclusive embodiments. The subject matter disclosed 1s
capable of considerable modifications, alterations, combi-
nations, and equivalents in form and function, without
departing from the scope of this disclosure.

FIG. 1 1llustrates a cross-sectional view of a human heart,
and 1n particular, the implantation of an aortic valve pros-
thesis into a native valve structure of the heart, according to
some embodiments.

FIG. 2 illustrates a delivery system 1n a delivery configu-
ration for delivering the valve prosthesis, including a radi-
ally expandable valve anchor and a support frame, using an
engagement mechanism for releasable engaging the expand-
able valve anchor, according to some embodiments.

FIG. 3A 1s an illustration of a nose cone of the valve
anchor of the delivery system of FIG. 2, according to some
embodiments.

FI1G. 3B illustrates a cross-sectional view of the nose cone
of the valve of FIG. 3, according to some embodiments.

FIG. 4A 1llustrates a pin assembly of the delivery system
of FIG. 2, according to some embodiments.

FI1G. 4B illustrates an alternative pin assembly, according
to some embodiments.

FIG. SA illustrates a pusher component of the delivery
system of FIG. 2, according to some embodiments.

FIG. 5B illustrates an alternative pusher component,
according to some embodiments.

FIG. 6 A illustrates the support frame and the valve anchor
housed 1n a compact state within a sheath of the delivery
system of FIG. 2, according to some embodiments.

FIG. 6B 1illustrates the valve anchor in an expanded
configuration, partially released from the sheath and
engaged with the engagement mechanism, which 1s 1n a
pre-released configuration, according to some embodiments.

FIG. 6C illustrates the distal advancement of the support
frame and a pusher component of the engagement mecha-
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nism to mitiate disengagement of the valve anchor from the
engagement device, according to some embodiments.

FIG. 6D illustrates the valve anchor and the engagement
mechanism 1n a released configuration, prior to release of the
support frame from the sheath of the delivery system,
according to some embodiments.

FIG. 6E 1illustrates the sheath being proximally retracted
to permit the valve prosthesis to begin expansion, according
to some embodiments.

FIG. 6F illustrates the valve prosthesis fully expanded
within the valve anchor, according to some embodiments.

FIGS. 7TA-TF illustrate steps 1n a method for delivering the
valve prosthesis through the aorta to the native aortic valve
using a valve prosthesis delivery system, according to some
embodiments.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth to provide a full understanding of the
subject technology. It should be understood that the subject
technology may be practiced without some of these specific
details. In other instances, well-known structures and tech-
niques have not been shown in detail so as not to obscure the
subject technology.

Further, while the present disclosure sets forth specific
details of various embodiments, 1t will be appreciated that
the description 1s 1illustrative only and should not be con-
strued 1n any way as limiting. Additionally, 1t 15 contem-
plated that although particular embodiments of the present
disclosure may be disclosed or shown in the context of
mitral valve prostheses, such embodiments may be used in
other cardiac valve prosthesis applications. Furthermore,
various applications of such embodiments and modifications
thereto, which may occur to those who are skilled 1n the art,
are also encompassed by the general concepts described
herein.

As with all cardiac valves, a healthy aortic valve will open
to allow blood flow and close to prevent backilow of blood.
However, disease and dystunction of the valve can result 1n
regurgitation or decreased blood flow. In such cases, a
replacement valve prosthesis must be used to perform the
functions of a healthy aortic valve.

However, there are numerous challenges in providing a
replacement valve prosthesis. For example, i order to
overcome the problem of regurgitation or decreased blood
flow, a suitable replacement valve prosthesis must provide
an acceptable seal and anchoring against the native valve
tissue when positioned and released against the native valve
structure, such as the native valve annulus. Further, the
architecture of the aortic valve annulus also creates a chal-
lenge 1n the design of an aortic valve prosthesis. Indeed, the
aortic valve prosthesis must conform to the unique anatomi-
cal structure of the aortic valve and remain anchored 1n the
presence ol the continuous contractions of a functioning
heart.

The present disclosure describes systems, devices, and
methods for implanting an aortic valve prosthesis using a
minimally invasive surgical technique. The systems accom-
modate the complex structure of the aortic valve to ensure
that the implanted valve prosthesis is properly positioned
and securely maintained 1n place after implantation. Further,
some embodiments also provide an aortic valve prosthesis
delivery system that can comprise an aortic valve prosthesis.

The valve prosthesis can comprise an expandable valve
anchor, a support frame that can be coupled to the valve
anchor, and a plurality of valve leatlets coupled to the
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support frame. The implant can have a plurality of prosthetic
valve leatlets attached to an internal surface thereof that can
mimic the function of a native aortic valve. The implant and
valve anchor can have a compact configuration for delivery
to a diseased valve, and an unfolded or expanded configu-
ration upon release and implantation in the diseased valve
annulus. Moreover, 1n some embodiments, the implant and
the valve anchor can be positioned relative to each other to
mimmize the diameter of the valve component during deliv-

ery.

Further, 1n some embodiments, the implant can be flexibly
coupled to the valve anchor to provide eflicient positioning
of both the valve anchor and the implant. For example, the
implant and the valve anchor can be connected by a flexible
clement such that prior to releasing and expanding the valve
component in the heart or native valve structure, the implant
and the valve anchor can be longitudinally or rotationally
displaced relative to one another. Further, the implant and
the valve anchor can expand from a compact state to an
expanded state, and 1n some embodiments, independently of
cach other.

FIG. 1 illustrates a cross-sectional view of a human heart
in which an aortic valve prosthesis has been implanted 1n a
native valve structure of the heart. The heart 10 can comprise
a right atrtum 12, a right ventricle 14, a left ventricle 16, and
a left atrtum 18. Oxygen-depleted blood enters the right
atrtum 12 through the superior and inferior vena cava 20, 22.
The oxygen-depleted blood 1s pumped from the right atrium,
through a tricuspid valve 24, which separates the right
atrtum 12 from the right ventricle 14, and into the right
ventricle 14. The right ventricle 14 then pumps the oxygen-
depleted blood through a pulmonary valve 26 and into
pulmonary arteries 28 that direct the oxygen-depleted blood
to the lungs for oxygen transier to the oxygen-depleted
blood. Thereatfter, oxygen-rich blood is transported from the
lungs through pulmonary veins 30 to the left atrium 18. The
oxygen-rich blood 1s pumped from the left atrium 1
through a mitral valve 32 and 1nto the left ventricle 16. The
left ventricle 16 then pumps the oxygen-rich blood through
an aortic valve 34 and into the aorta 36. The oxygen-rich
blood 1s carnied by the aorta to a series of arteries that
transport the blood to various organs in the body.

Implantation of a prosthetic aortic valve via a minimally
invasive transcatheter approach may be accomplished, e.g.,
through the femoral artery and aortic arch into the left atrium
or through the femoral vein and inferior vena cava by way
of a transseptal punch. The aortic valve, between the left
atrtum and left ventricle, may be the most diflicult valve to
repair percutaneously because 1t can be diflicult to reach.
Although the aortic valve can be reached wvia the left
ventricle and mitral valve, manipulation of catheters that
have to make two approximately 180° turns 1s cumbersome.
However, as discussed herein, various embodiments are
provided that allow a clinician to overcome these disadvan-
tages and eflectively deliver a prosthetic valve to a target
location 1n the heart.

Delivery Systems for the Valve Prosthesis

The present disclosure provides devices, systems, and
methods for valve replacement, preferably using a mini-
mally ivasive surgical technique. While the systems and
methods will have application 1n a number of diflerent
vessels 1 various parts of the body, they are particularly
well suited for replacement of a malfunctioning cardiac
valve, and in particular an aortic valve. The systems and
methods will also have application 1n other malfunctioning,
cardiac valves, e.g., a pulmonary valve or a mitral valve.
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The systems and methods disclosed herein can be par-
ticularly advantageous in their ability to provide a more
flexible prosthetic heart valve delivery system, ensure accu-
rate and precise placement of the prosthetic heart valve or
valve prosthesis with reduced reliance on imaging, and
provide additional anchoring of the valve prosthesis, reduc-
ing the incidence of valve migration.

Another advantage of the systems and methods disclosed
herein 1s the ability to deliver and 1implant the valve pros-
thesis through the aorta, which has a smaller diameter than
the inferior vena cava, through which surgeons typically
proceed to access the heart.

The present disclosure also provides improved systems
and methods for implanting a prosthetic heart valve. In
particular, improved minimally invasive methods and sys-
tems are provided for retrograde implantation of expansible
prosthetic heart valves within or adjacent a valved anatomic
site within the heart. In particular, the improved prosthetic
heart valve delivery systems and methods of the present
disclosure provide more tlexibility 1n the valve replacement
procedure, ensure accurate and precise placement of the
prosthetic heart valve with reduced reliance on imaging, and
provide additional anchoring of the prosthetic valve, reduc-
ing the incidence of valve migration or misalignment.

Various embodiments of the disclosure are directed to a
delivery system capable of maneuvering tight turns, and
including a compactly configured valve prosthesis, which
can comprise a valve anchor, a support frame that can be
coupled to the valve anchor, and an engagement mechanism
for releasable engaging the valve anchor. In the configura-
tion of the delivery system 100, the valve anchor and support
frame are delivered to a target location in a collapsed
configuration serially (or longitudinally spaced relative to
cach other), rather than concentrically positioned relative to
one another, thereby minimizing the outer profile or diam-
cter of valve prosthesis and that of delivery system during
delivery.

Various embodiments will now be described more fully
hereinafter. Such embodiments may, however, be embodied
in many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey its scope to
those skilled 1n the art. Thus, one or more features shown or
otherwise disclosed 1n an embodiment herein may be inter-
changeably used or incorporated into another embodiment
that may not expressly show or disclose such feature(s).
Further, one or more features shown or otherwise disclosed
for an embodiment herein may be excluded from such
embodiment, unless expressly indicated, using skill 1n the
art.

The valve prosthesis delivery system described herein
thus facilitates delivery of a valve prosthesis to the heart
while minimizing trauma or damage to the vessels and
tissues of a patient. The various embodiments described
herein provide a means for both pushing and pulling the
valve prosthesis delivery system through the tight turns
presented by the heart chambers. It 1s noted that for the
purposes of describing the disclosed systems and methods,
the term “proximal” refers to a relative position closer to a
control unit whereas the term “distal” refers to a relative
position further away from a control unait.

FIG. 2 1illustrates a valve prosthesis delivery system 100
that can support and deliver a valve prosthesis 105. As
shown, the valve prosthesis 105 can comprise a support
frame 107 and a valve anchor 120. In accordance with some
embodiments, the delivery system 100 may include a core
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member 110 and an engagement mechanism 115 that can be
configured for releasably engaging the valve anchor 120
relative to the core member 110. Further, the delivery system
100 can also comprise a sheath 150 that can extend distally
to cover the support frame 107 and the valve anchor 120.
The sheath 150 can maintain the support frame 107 and the
valve anchor 120 in a compressed configuration during
delivery of the system 100 to the target location. When
positioned at the target location, the clinician can proximally
retract the sheath 150 1n order to permit the support frame
107 to begin expanding. Thereafter, additional actuation of
the engagement mechanism 115 and further proximal retrac-
tion of the sheath 150 can enable a clinician to release the
valve prosthesis 105 at the target location.

In some embodiments, the engagement mechanism 115
may 1nclude a pin assembly 125 slidably coupled to the core
member 110 and a lock component 140. Together, the pin
assembly 125 and the lock component 140 can engage one
or more structures ol the valve anchor 120 and, when
released by the climician, can disengage from the valve
anchor 120 to permit the valve anchor 120 to fully expand
or be released at the target location. In this manner, the
climician can precisely control the release of the valve
anchor 120 from the delivery system 100.

As 1illustrated 1n FIG. 2, the valve anchor 120 may be
positioned serially with a support frame 107 of the valve
prosthesis 105. Both the support frame 107 and the valve
anchor 120 can be made from a shape memory material such
that they can be compressed to a radius which allows
delivery through, for example, arteries and veins, then
expanded as needed for expansion and placement of the
valve prosthesis 105 1n a desired position.

Thus, although the support frame 107 and/or the valve
anchor 120 can optionally be balloon-expandable or be
turther expandable using a balloon, the embodiment 1llus-
trated 1n FI1G. 2 1s configured such that the support frame 107
or the valve anchor 120 self-expand when the sheath 150 1s
proximally retracted to position in which the sheath 1350
does not longitudinally overlap the respective one of the
frame 107 or the valve anchor 120.

For example, the support frame 107 and/or the valve
anchor 120 can comprise a braided frame, a wire frame, or
a laser-cut frame, as shown 1n FIG. 2. In some embodiments,
the support frame 107 and/or the valve anchor 120 can
comprise a shape-memory metal, which can change shape at
a designated temperature or temperature range or by nduc-
ing stress. Alternatively, the self-expanding frames can
include those having a spring-bias. The material from which
either the support frame 107 and/or the valve anchor 120 1s
tabricated can allow the support frame 107 and/or the valve
anchor 120 to automatically expand to 1ts functional size and
shape when deployed but also allows the support frame 107
and/or the valve anchor 120 to be radially compressed to a
smaller profile for delivery through the patient’s vasculature.
Examples of suitable materials for self-expanding compo-
nents described herein (e.g., support frames, valve anchors,
locking members) include, but are not limited to, medical
grade stainless steel, titanium, nickel titammum alloys, tanta-
lum, platinum alloys, niobium alloys, cobalt alloys, alginate,
or combinations therecol. Shape memory alloys having
superelastic properties generally made from ratios of nickel
and titantum, commonly known as nitinol, are preferred
materials. In some embodiments, self-expanding compo-
nents described herein can include materials including, but
not limited to shape memory plastics, polymers, and ther-
moplastic materials, which are inert in the body. In an
alternative embodiment, either the support frame 107 and/or
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the valve anchor 120 1s not self-expanding, and may be
expanded, for example, using a balloon catheter as 1s well
known 1n the art.

In some embodiments, the valve anchor 120 may be
movably coupled to the support frame 107 such that the
valve anchor 120 may be moved from a concentric position
with the support frame 107 to a proximal or distal position
from the support frame 107. During delivery of the valve
prosthesis 105, 1t 1s advantageous to have the valve anchor
120 positioned serially from the support frame 107. This
permits the radius of the system to be mimimized, thus
ecnabling the system to be advanced through small diameter
vessels, for example, arteries, and veins. The distance from
which the valve anchor 120 may be serially displaced from
the support frame 107 1s variable, such that the valve anchor
120 may be adjacent to the support frame 107, or potentially
inches away from the support frame 107 during the delivery
procedure. In some embodiments, the valve anchor 120 1s
physically fixed to the support frame, such as by welding or
otherwise adhering.

The delivery system 100 can be configured such that
components of the heart valve prosthesis to be advanced 1n
series while still beimng movably connected, movably
attached, tlexibly connected, displaceably connected, linked,
or coupled to each other, thereby minimizing a passing
proflle or cross section of the delivery system. The inter-
connection of components of the heart valve prosthesis can
allow different degrees ol motion and can be set into an
engaged or retained position that provides a limited range of
motion. In some embodiments, the engaged position can
also provide a preset relative positioning of the components
of the heart valve prosthesis to facilitate proper placement
and release of the heart valve prosthesis. Additionally, some
embodiments can provide a clinician with a high degree of
control and enhance the maneuverability of the heart valve
prosthesis when implanting the heart valve prosthesis at the
target location.

In some embodiments, the valve anchor 120 can be
coupled to the support frame 107 when the support frame
107 1s 1n the compact configuration prior to delivery and
expansion. In some embodiments, the valve anchor 120 1s
not fixed to the support frame 107. Further, the valve anchor
120 can be separate from the support frame 107 or formed
separately from and later coupled to the support frame 107.
Thus, although a least a portion of the valve anchor, ¢.g., the
anchoring leg, may be 1n contact with or otherwise revers-
ibly attached or connected to the support frame, no part of
the valve anchor 1s fixed, e.g., welded or otherwise 1rrevers-
ibly adhered, to the support frame. Alternatively stated, the
valve anchor, which may be 1n contact with or otherwise
reversibly attached to the support frame, 1s not 1rreversibly
fixed to the support frame.

Further, upon reaching the target location, the valve
anchor 120 can be movably coupled to the support frame
107 1n a manner that prevents the entire valve anchor 120
from being radially displaced from the support frame 107
when the valve anchor 120 1s imitially expanded. For
example, portions of the valve anchor 120 can be radially
displaced from the support frame during initial “landing™ of
the valve anchor 120 against the native valve structure at the
target location. In some embodiments, the support frame 107
can be deployed or expanded within the native heart valve
structure, and the valve anchor 120 can become sandwiched
between the support frame and the native valve tissue,
becoming at least partially, and possibly tully, immobilized
(as shown, for example, in FIGS. 7E and 7F). The valve
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anchor 120 can function to hold the expanded support frame
107 1n place within the native valve structure.

In some embodiments, the valve anchor 120 can comprise
at least one U-shaped member, anchoring member, valve
clasper, sinus locator, valve positioner, or valve hanger 126
and at least one anchoring leg 122. The U-shaped member
126 and the anchoring leg 122 can extend along a longitu-
dinal axis of the valve anchor 120. As illustrated 1n FIG. 2,
the valve anchor 120 can comprise a plurality of U-shaped
members 126, such as three U-shaped members 126, but can
have fewer or more.

The U-shaped members 126 can be coupled to the anchor-
ing legs 122 at peak portions or apices 128 of the valve
anchor 120. Further, adjacent U-shaped members 126 can be
coupled to each other at a respective apex 128. The
U-shaped members 126 can each comprise first and second
legs 146, 148 that meet or join at a base portion 144 thereof.
The base portions 144 of the U-shaped members 126 can be
configured to engage with or fit inside the posterior aortic
sinus, the left aortic sinus, and the right aortic sinus of a
native aortic valve. The first and second legs 146, 148 of the
adjacent U-shaped members 126 can be interconnected at
the peak portions 128 thereof.

Referring now to FIGS. 2 and 6A-6F, the valve anchor
120 may include at least one anchoring leg 122. The
anchoring leg 122 can include a coupling portion 124 having
a connector or connection aperture 127. The connector can
comprise structures, such as slots or holes extending through
the coupling portion 124.

In some embodiments, the anchoring leg 122 of the valve
anchor 120 1s positioned approximately parallel relative to
the longitudinal axis of the support frame 107 and 1s attached
to U-shaped member 126 at an apex 128. As used herein, the
apex 128 may be a vertex where the U-shaped member(s)
126 joins with the anchoring leg 122. In some embodiments,
two U-shaped members 126 may curve to join the anchoring,
leg 122 at the vertex or apex 128. In some embodiments, the
vertices of the valve anchor 120 may be configured such that
two anchoring legs 122 extend approximately parallel rela-
tive to each other. In some embodiments, the valve anchor
120 includes at least two U-shaped members 126 and two
anchoring legs 122.

Each of the first or proximal ends of the two anchoring
legs 122 are joined to the U-shaped member 126. In addi-
tional embodiments, as illustrated in FIG. 2, the second or
distal end of one or more of the anchoring legs 122 termi-
nates 1n a coupling portion 124. That is, the coupling portion
124 of the valve anchor 120 1s positioned at an end portion
of the valve anchor anchoring leg 122. The coupling portion
124 may be made of a shape memory alloy such as nitinol.
For some applications, the coupling portion 124 may be
oriented parallel relative to a longitudinal axis of the valve
prosthesis 1035, while for other applications, the coupling
portion 124 may be oriented to form an angle with respect
to the longitudinal axis.

For example, the coupling portion 124 may be approxi-
mately parallel relative to the longitudinal axis of the
support frame 107 1n the compact position and/or when the
valve prosthesis 105 1s encased 1n a sheath 150. Alterna-
tively, as 1llustrated 1n FI1G. 2, the coupling portion 124 may
form an angle with respect to the longitudinal axis of the
valve prosthesis 105 or the anchoring leg 122 when the valve
prosthesis 105 1s 1n an expanded condition. The detents can
help to secure the valve anchor 120 to the support frame 107
after the valve prosthesis 105 1s expanded in the native
valve.
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It will be appreciated by those with skill 1n the art that the
shape of the base portion 144 joining the two anchoring legs
122 of the U-shaped member 126 i1s not limited to being a
U-shaped or rounded. The base portion 144 may have other
shapes 1including, but not limited to, rectangle, square,
diamond, triangle, oval, circle, or a combination of these
shapes. The base portion 144 may be of any shape that
allows 1t to engage and/or rest adjacent to the commissure of
the native valve leatlets 190.

In some embodiments, the valve anchor 120 may com-
prise a plurality of U-shaped members 126 coupled to the
support frame 107. That 1s, the delivery system 100 may
include, but 1s not limited to, two, three, four, five, or more
plurality of U-shaped members 126, to accommodate dii-
ferent valve replacement procedures or according to the
anatomical structure of the native valve that 1s to be
replaced. In the various embodiments disclosed 1n the fig-
ures, the number of plurality of U-shaped members 126 in
the valve prosthesis 1s three.

Additionally, 1n accordance with some embodiments, the
valve prosthesis 105 can be configured such that the support
frame 107 1s coupled to the valve anchor 120. For example,
the valve prosthesis 105 can comprise at least one suture 170
that couples the support frame 107 to the valve anchor. In
some embodiments, a distal end portion of the support frame
107 can be coupled to the valve anchor 120 via the suture
170. The portion of the suture 170 that attaches to the valve
anchor 120 can be coupled to and anchoring leg 122 of the
valve anchor 120. In accordance with some embodiments,
the anchoring leg 122 can comprise a longitudinal slot 123
that extends along the length of the anchoring leg. The suture
170 can loop into the slot 123 and be coupled with the
anchoring leg 122. This can enable the suture 170 to slide
along the length of the slot 123 during expansion of the
valve prosthesis 105, as discussed further herein.

FIGS. 3A and 3B are illustrations of perspective and
cross-sectional views of an embodiment of a nose cone 156
of the valve anchor delivery system 100 of FIG. 2. As
illustrated 1n FIGS. 2, 3A, and 3B, the delivery system 100
may include a nose cone 156 at a distal end thereof. The nose
cone 156 may have a substantially tubular and/or conical
profile that tapers towards a distal end of the nose cone 156.
Further, the nose cone 156 can comprise a lock component
140 and a cavity 141. In some embodiments, the nose cone
156 can interact as part of the engagement mechanism 115,
to permit the lock component 140 and the pin assembly 125
to engage the valve anchor 120.

In accordance with some embodiments, the nose cone 156
may be configured to be coupled to or mate with a distal end
of the valve sheath 150 in order to reduce any seam along the
outer surface of the delivery system 100 between the nose
cone 156 and the sheath 150. The mating engagement
between the nose cone 156 and the sheath 150 can thereby
provide a smooth, continuous outer surface of the delivery
system 100.

For example, the nose cone 156 may include a radial
depression 154 against which the distal end of the valve
sheath 150 can be positioned 1n a delivery configuration. The
radial depression 154 can permit at least a portion of the
nose cone 156, including the lock component 140, to be
inserted mto a lumen 152 of the valve sheath 150 to
detachably couple the nose cone 156 to the valve sheath 150.
Although the radial depression 134 is 1llustrated as having a
generally conical profile, the radial depression 154 can also
comprise a stepped profile 1n which the outer diameter of the
nose cone 156 steps down from a diameter approximately
equal to an outer diameter of the sheath 150 to a diameter
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that 1s approximately equal to an imnner diameter of the sheath
150. In this manner, the nose cone 156 can fit inside of the
sheath lumen and engage with the sheath 150 while both
having a common or approximately equal outer diameter.

In some embodiments, the lock component 140 can be
integrally formed with nose cone 156. However, 1n some
embodiments, as illustrated in FIGS. 3A and 3B, the nose
cone 156 can be an assembly of components, including a
distal cone component 157 and the lock component 140. The
lock component 140 can comprise an aperture 138 through
which the pin assembly may be engaged or moved by the
pusher component, as discussed below.

For example, as illustrated 1in FIG. 3B, a proximal end
portion of the distal cone component 157 can be coupled
with a distal end portion of the lock component 140 by
welding, frictional engagement, or other adhesive means.
Further, the distal cone component 157 and the lock com-
ponent 140 can collectively form the cavity 141. In some
embodiments, both the distal cone component 157 and the
lock component 140 can comprise inner cavities that coms-
bined to form the cavity 141 when the distal cone component
157 and the lock component 140 are coupled together. As
discussed further herein, the cavity 141 can provide a
volume 1n which the pin assembly 1235 of the engagement
mechanism can reciprocate.

The nose cone 156 may further include a channel or
passageway 135 extending centrally along a longitudinal
axis of the nose cone. The channel 155 may be configured
to receive the core member 110 as the core member recip-
rocates proximally and distally along the longitudinal axis in
order to cause a corresponding motion of the support frame
107 and the valve anchor 120.

In accordance with some embodiments, the lock compo-
nent 140 may include at least one lock aperture 145. The
lock aperture 145 may be disposed proximal to the cavity
141. In some embodiments, the pin assembly 125 can
include a plurality of pins 135, and the lock component 140
can include a plurality of lock apertures 143, each corre-
sponding to one of the plurality of pins 135.

Further, as 1llustrated, the lock component 140 can com-
prise an engagement region 143 interposed between a proxi-
mal flange 147 and a distal tlange 149. The lock aperture 145
can extend through both the proximal flange 147 and the
distal flange 149. The lock aperture 145 that extends through
the distal flange 149 can extend into the cavity 141. Accord-
ingly, a pin extending from the pin assembly 125 can pass
through the distal tlange 149, extend across the engagement
region 143, and pass through the proximal flange 147. Thus,
as 1llustrated and discussed further herein, a pin of the pin
assembly 125 can be radially constrained by the lock aper-
ture 145 extending through the distal flange 149 and the
proximal flange 147 and engage with a portion of the valve
anchor 120 that extends into the engagement region 143.

For example, as illustrated in FIGS. 6A-6F, the pin
assembly 123 can reciprocate within the cavity 141 between
an engaged configuration (shown in FIGS. 6 A-6C) and a
disengaged configuration (shown in FIGS. 6D-6F). When
the pin assembly 125 moves from the engaged configuration
to the disengaged configuration, pins 135 of the pin assem-
bly 125 can slide out of engagement with the lock apertures
145 of the lock component 140. As such, the pins 1335 can
be distally advanced out of the engagement region 143 and
received into the cavity 141 and the distal flange 149, thus
disengaging with valve anchor 120 and permitting the valve
anchor 120 to expand out of the engagement region 143.

As 1llustrated in FIGS. 6 A-6C, the pin assembly 1235 and
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an engaged configuration. Thus, after the sheath 150 has
been proximally withdrawn to permit U-shaped members of
the valve anchor 120 to expand radially, the valve anchor
120 remains engaged with the delivery system 100, thereby
permitting the clinician to rotate, repositioning, or otherwise
maneuver the U-shaped members of the valve anchor 120
into a desired position relative to the native valve structure.

FIGS. 4A and 4B illustrate a pin assembly 125 and an
alternative pin assembly 128', either of which can be used
with the delivery system 100 of FIG. 2, according to some
embodiments. As illustrated in the embodiment shown 1n
FIG. 4A, the pin assembly 125 may comprise a tubular
component 130 having a proximal section 132 and a distal
section 134. Further, both pin assemblies 125, 125' can
comprise an annular component, such as a piston member
136, and at least one pin 135 coupled to the annular
component or piston member 136. The annular component
can have the shape of a disc, a cylinder, a torus, or others that
can be coupled to and at least partially surround the core
member 110. The pin assembly 125 can also be configured
such that the distal section 134 of the tubular component 130
1s coupled to the piston member 136. The alternative pin
assembly 125" can be i1dentical to the pin assembly 1235 of
FIG. 4A 1n all respects except for the absence of the tubular
component 130.

The pin assemblies 125, 125' can slide along the core
member 110 of the delivery system 100. For example, the
core member 110 can be configured to extend through the
lumen 133 of the pin assembly 125. The lumen 133 can
extend through both the tubular component 130 and the
piston member 136.

An advantage of the pin assembly 125 may lie in the
presence of the tubular component 130, which can assist in
maintaining axial alignment of the piston member 136 and
the pins 135 relative to the longitudinal axis of the delivery
system 100 during use. However, 1 either embodiment of
the pin assembly, the longitudinal extent of the lumen 133
through the piston member 136 can be of a suflicient length
in order to prevent misalignment or wobbling of the piston
member 136 relative to the core member 110. Accordingly,
both pin assemblies 125, 125' can advantageously maintain
the pins 1335 1n an alignment that 1s approximately parallel
relative to the core member 110. In this manner, the pins 135
can slide smoothly out of engagement with the lock aper-
tures 145 of the lock component 140. Further, proximal ends
of the plIlS 135 can be advanced distally through the engage-
ment region 143 sufliciently to permlt the valve anchor 120
to disengage therelfrom. Thus, 1n some embodiments,
although the pins 135 may continue to extend 1nto the
engagement region 143, the valve anchor 120 may be able
to disengage therefrom. However, 1n some embodiments, the
proximal ends of the pins 135 may be fully recerved 1nto the
lock apertures 143 such that the pins 135 do not extend into
the engagement region 143 1n the disengaged configuration.

Although only one or two pins 135 may be used, the
illustrated embodiments provide for three pins 135 to be
used. The pins 135 extend proximally from the piston
member 136 and can be radially spaced apart from the
tubular component 130.

Optionally, 1n some embodiments, the piston member 136
can comprise two plates or discs that are coupled to each
other. In such embodiments, the pins 135 may be positioned
to extend through a proximal plate with distal end portions
of the pins 135 being sandwiched between the proximal
plate and a distal plate of the piston member 136, thereby
engaging the distal end portions of the pins 135 therebe-
tween.
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For example, the distal end portions of the pins 135 may
be bent at angles, as illustrated 1n FIGS. 6 A-6F, and at least
one of the two piston members 136 may have a groove
formed therein to accommodate and hold the bent distal end
portions of the pins 135 1n a fixed position with respect to the
pin assembly 125 when the proximal and distal plates of the
piston member 136 are coupled together. Alternatively,
however, the pins can be welded, mechanically fastened, or
otherwise adhesively coupled to the piston member 136.
Accordingly, the piston member 136 and the pins 135 can
slide along the core member 110 as a unit between engaged
and disengaged positions, as discussed herein.

FIGS. 5A and 3B illustrate a pusher component 165 and
an alternative pusher component 165, either of which can be
used with the delivery system 100 of FIG. 2, according to
some embodiments. In some embodiments, the pusher com-
ponent 165 can be used 1n combination with the pin assem-

bly 125, shown in FIG. 4A.

The pusher component 165' can be used 1n combination
with the pin assembly 125", shown in FIG. 4B. In the
embodiment shown, whereas the pusher component 1635
does not include an elongate shaft component that contacts
against the pin assembly 1235, the pusher component 165
may vary from the pusher component 165 by including a
shaft component 167 that can extend through the aperture
158 of the lock component 140 of the nose cone 156. When
used with the pin assembly 125', the shaft component 167 of
the pusher component 165' can extend through or into the
aperture 158 to facilitate movement and disengagement of
the pin assembly 125'. However, these components 125,
125", 165, 165' can be interchanged or modified 1n any of the
embodiments disclosed herein. Thus, 1n some embodiments,
the pusher component 165 can be contacted against the
tubular component 130 of the pusher component 1635
extending through the aperture 1358 of the lock component
140. However, 1n some embodiments, the shaft component
167 of the pusher component 165' can extend through the
aperture 1358 of the lock component 140 to contact against
the pin assembly 125'.

As 1llustrated 1n FIGS. SA and 5B, the pusher component
165 and the pusher component 165" may each comprise a
lumen 166 through which the core member 110 can pass,
thereby permitting the pusher component 165 and the pusher
component 165' to be slidably disposed along the core
member 110. As illustrated 1n the system views of FIGS.
6A-6F, the pusher component 165 (whether the pusher
component 165 and the pusher component 1635') can be
disposed distally relative to the support frame 107. Eventu-
ally, as discussed below, the pusher component 165 can be
contacted against the tubular component 130 of the pusher
component 165, which extends through the aperture 158 of
the lock component 140.

In accordance with some embodiments, the pusher com-
ponent 165 can have an outer diameter or profile that 1s
about equal to a compressed diameter of the support frame
1077. Thus, the pusher component 165 and the support frame
107 can be received within the lumen of the sheath 150.
Further, the distal end portion of the support frame 107 can
abut or contact a proximal face 172 of the pusher component
165. As discussed further herein, some embodiments can
permit the support frame 107 to be pressed distally against
the proximal face 172 of the pusher component 165 1n order
to exert a distally directed force against the pusher compo-
nent 165, which can then cause the pusher component 1635
to contact the pin assembly 125 and cause disengagement of
the pins 135 from the valve anchor 120.
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In some embodiments, the pusher component 165 com-
prises a tlange 175. As 1llustrated 1n FIG. 5A, the flange 175
may be a radial tflange that defines the proximal face 172.
Further, the pusher component 165 can comprise a distal
face 174 having a generally sloped or conical profile. The
conical profile of the distal face 174 can tend to allow the
pusher component 165 to avoid catching or otherwise
engaging with the valve anchor 120 during distal advance-
ment of the pusher component through the valve anchor 120,
as discussed below.

Although various mechanisms can be employed, in some
embodiments, distal advancement of the pusher component
165 can be achieved by contacting the distal end of the
support frame 107 against the proximal face 172 of the
pusher component 1635. For example, with reference to FIG.
6A, the delivery system 100 can comprise a pushing block
178 that 1s coupled to a pusher tube 179. The pusher tube
179 and the pushing block 178 can each comprise lumens
through which the core member 110 can pass. The pusher
tube 179 and the pushing block 178 can be slidably posi-
tioned along the core member 110. During the procedure,
once the sheath 150 has been proximally retracted to a
position approximately shown in FIG. 6B, the pusher tube
179 and the pushing block 178 can be distally advanced by
the clinician along with the sheath 150, which can exert a
distal force against the support frame 107 and the pusher
component 165. This distally oriented force can urge the
pusher component 165 toward a proximal contact face or
arca 137 of the pin assembly 125, 125', shown 1illustratively
by the movement depicted from FIGS. 6B to 6C.

Accordingly, in some embodiments, the distal face 174 of
the pusher component 165, 165" can contact the proximal
contact face 137 of the pin assembly 125, 125" and urge the
pin assembly 125, 125' 1n a distal direction relative to the
lock component 140. In some embodiments, the tubular
section can be coupled to either the pusher component or the
pin assembly or to both. Movement of the pin assembly 125,
125" 1n the distal direction results 1n shifting of the engage-
ment mechanism 115 from the engaged configuration
(shown 1n FIG. 6C) to the released configuration (shown 1n
FIG. 6D).

Accordance with some embodiments, the pusher tube 179
and the pushing block 178 can be actuated via a control unit
(not shown) that can be operated by the clinician. The
control unit can be communicatively coupled to the core
member 110 and to the pusher tube 179 to allow the clinician
to actuate or move the core member 110 relative to the
pusher tube 179. In this manner, the pusher tube 179 can be
distally advanced over the core member 110 in order to
cause the pusher component 165 to contact the pin assembly
125 and cause the pin assembly 125 to move within the
cavity 141 of the nose cone 156, thereby distally advancing
the pins 135 through the engagement region 143.

In some embodiments, the control unit can be communi-
catively coupled to the pusher component 165 to selectively
actuate the pusher component 165 without requiring inter-
action from the pusher block 178 and the support frame 107.
For example, the pusher component 165 can be directly
coupled to the pusher tube 179 1n order to directly actuate
the pusher component 165 to contact and urge the pin
assembly 125 in the distal direction relative to the lock
component 140. Similar to the embodiment illustrated 1n
figures, such an embodiment can move the engagement
mechanism 115 from the engaged configuration to the
released configuration.

In some embodiments, the lumen 166 of the pusher
component 165 can have an mner diameter that 1s smaller
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than an mner diameter of the tubular component 130 or the
lumen 133 of the pin assembly 125. Such embodiments can
thus allow the pusher component 165 to have a suflicient
cross-sectional profile to allow the pusher component 165 to
advance distally and contact and eventually urge or push the
pin assembly 1235 distally.

FIGS. 6A-6C illustrate the valve anchor 120 of the
delivery system 100 1n the engaged configuration. When the
legs 122 of the valve anchor 120 are inserted into the
engagement region 143 and locked 1n place via the engage-
ment mechamism 1135, this i1s referred to the engaged con-
ﬁguratlon (see FIGS. 6 A-6C). In the engaged configuration,
the pins 135 are positioned extending from the cavity 141 of
the nose cone 156, through the connection aperture 126 of
the valve anchor leg 122, and into and through the lock
apertures 145 of the lock component 140 of nose cone 156.
As such, 1n the engaged configuration, the at least one leg
122 of the valve anchor 120 1s locked in engagement at a
position between the lock component 140 of the nose cone
156 and the rest of the nose cone 156.

Further, FIG. 6 A illustrates the valve prosthesis 105 and
the valve anchor 120 housed 1n a compact state within the
sheath 150 of the delivery system 100, according to some
embodiments. When the delivery system 100 1s mitially
introduced 1nto the target location of the defective valve, the
delivery system 100 1s delivered in the compact state, as
illustrated in FIG. 6A.

FIG. 6B 1illustrates the valve anchor 120 in an engaged
configuration, but released from the sheath 150 of the
delivery system 100 of FIG. 2, according to some embodi-
ments. Once the delivery system 100 nears the target loca-
tion, the sheath 150 of the delivery system 100 1s proximally
retracted relative to the core member 110 via, for example,
a control unit including at least one controller or processor.
Retraction of the sheath 150 from over the valve anchor 120
allows the wvalve anchor 120 to expand radially. The
U-shaped members 126 can thereatter be guided and maneu-
vered into a desired position relative to the surrounding
native valve structure, as discussed herein.

After the U-shaped members 126 are in a desired position
relative to the surrounding native valve structure, the
remainder of the valve anchor 120 can be released. FIG. 6C
illustrates the first step and releasing the valve anchor 120.
As shown, 1n some embodiments, the pusher block 178, the
sheath 150, and the support frame 107 can be urged in a
distal direction, thereby distally advancing the pusher com-
ponent 165 towards the pin assembly 1235 of the delivery
system 100. This distal movement of the pusher component
165 into the lumen of the valve anchor 120 is possible
because the valve anchor 120 has already expanded radially,
despite being locked in the engaged configuration by the
engagement mechanism 115. In the partially expanded posi-
tion illustrated 1n FIG. 6C, the at least one U-shaped member
126 of the valve anchor 120 may extend radially from the
anchoring leg 122 of the valve anchor 120 and the longitu-
dinal axis of support frame 107.

As also 1illustrated 1n FIG. 6C, 1n the engaged configura-
tion, the tubular component distal section 134 or a proximal
surface of the piston member 136 1s axially spaced apart
from a proximal surface of the lock component 140 at a first
distance D1. The first distance D1 1s suilicient to permit the
pins 135 to extend from the cavity 141 through the lock
apertures 1435 and the engagement region 143; as such, the
pins 135 can extend through the leg connection aperture 127
of the valve anchor 120 and the lock component lock
aperture 145 to interconnect the valve anchor anchoring leg
122 with the engagement mechanism 115. For example, the
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first distance D1 may be between about 1 mm and about 20
mm, between about 2 mm and about 15 mm, between about
4 mm and about 12 mm, between about 6 mm and about 10
mm, between about 8 mm and about 10 mm, or about 2 mm,
about 2 mm, about 4 mm, about 6 mm, about 8 mm, about
10 mm, about 12 mm, about 14 mm, about 16 mm, about 18
mm, about 20 mm, about 22 mm, about 24 mm, about 26
mm, about 28 mm, about 30 mm, about 35 mm, or about 40
mm.

As the pusher component 163 1s urged distally, the pusher
component contacts the pin assembly 125 and begins to urge
the pin assembly 125 distally through the cavity 141. As this
happens, the pins 1335 slide distally through the engagement
region 143, eventually permitting the anchoring legs 122 to
disengage from the pins 135 and permitting the valve anchor
120 to assume a released configuration. FIG. 6D 1s an
illustration of the valve anchor 120 1n a released configu-
ration.

Referring still to FIG. 6D, in the released configuration,
the tubular component distal section 134 or the proximal
surface of the piston member 136 can be axially spaced apart
from the proximal surface of the lock component 140 at a
second distance D2, which 1s greater than the first distance
D1. The second distance D2 1s suflicient to position the pins
135 outside of the lock aperture 145 to permit the valve
anchor leg 122 to disengage from the pins 135 of the pin
assembly 135. For example, the second distance D2 may be
between about 1 mm and about 20 mm, between about 2 mm
and about 15 mm, between about 4 mm and about 12 mm,
between about 6 mm and about 10 mm, between about 8 mm
and about 10 mm, or about 2 mm, about 2 mm, about 4 mm,
about 6 mm, about 8 mm, about 10 mm, about 12 mm, about
14 mm, about 16 mm, about 18 mm, about 20 mm, about 22
mm, about 24 mm, about 26 mm, about 28 mm, about 30
mm, about 35 mm, or about 40 mm.

In operation, as the pin assembly 125 is advanced distally,
the pins 135 are displaced a distance corresponding to the
difference between D2 and D1, thereby releasing the valve
anchor 120 from engagement with the pin assembly 1235, and
allowing the valve anchor 120 to radially expand 1n prepa-
ration for positioning the support frame 107 therewithin.

As 1llustrated 1n FIG. 6D, after the valve anchor 120 has
been released from the delivery system 100, the support
frame 107 continues to be housed within the sheath 150 of
the delivery system 100. However, after the longitudinal or
axial position of the support frame 107 has been adjusted to
be centered or otherwise properly positioned within the
lumen of the valve anchor 120, the clinician can thereafter
initiate release and expansion of the support frame 107
within the lumen of the valve anchor 120. As part of this
adjustment for positioning process, the clinician may dis-
tally advance the support frame 107. In some implementa-
tions of the method, the clinician may advance the support
frame 107 to a position longitudinally distal to the valve
anchor 120 and thereafter proximally retract the support
frame 107. Such a motion may ensure that the native valve
leaflets are drawn upwardly between a space between the
valve anchor 120 and the support frame 107. Thereafter, the
expansion and release of the support frame 107 can be
initiated by the clinician, as discussed further below.

Expansion and release of the support frame 107 can be
initiated, as illustrated 1n FIG. 6E. FIG. 6FE illustrates the
sheath 150 being proximally retracted to expose and permit
initial expansion of the support frame 107. FIG. 6F 1llus-
trates the sheath 150 being further retracted to permit the
support frame 107 to be fully expanded within the valve
anchor 120. In some embodiments, further retraction of the
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sheath 150 causes the valve prosthesis 105 to be completely
exposed, thereby allowing the valve prosthesis to expand
radially within the valve anchor 120. However, in some
embodiments, the outward force of the self-expanding sup-
port frame 107 can cause the support frame 107 to spring
open after the sheath 150 has been partially proximally
withdrawn (1.e., reaching a position distal to that illustrated
in FIG. 6F).

Methods for Operating and Manufacturing a Valve Prosthe-
s1s Delivery System

Methods for implanting an aortic valve prosthesis using
the delivery system described herein involve non-surgical
delivery and implantation of an aortic valve prosthesis
wherein a self-expandable implant with prosthetic leaflets 1s
flexibly coupled to a valve anchor, and wherein the support
frame and the valve anchor are delivered in a compact
condition.

Regardless of the route of administration or access, deliv-
ery systems disclosed herein can be operated to release the
valve anchor prior to expansion of the support Iframe.
Moreover, the valve anchor may be manipulated and re-
positioned after expansion to ensure proper placement
betfore expanding or releasing the support frame. Optionally,
the system can be operated using any of a variety of imaging,
techniques, including ultrasound, tfluoroscopy, or pulsatile
teedback, such as electric pulses or ultrasound pulses. Thus,
the valve anchor can be positioned using imaging tech-
niques, 1f desired.

In some embodiments, the clinician can determine or feel,
via tactile pressure, that valve anchor has been properly
seated or engaged with the native valve structure to confirm
proper positioning of the valve anchor relative to the native
valve structure. After proper placement of the valve anchor,
the support frame can be moved distally along the longitu-
dinal axis toward the valve anchor had eventually be posi-
tioned approximately concentric with the valve anchor. At
this time, the support frame may be released, and the
delivery system can be removed from the patient. The
support frame can be implanted over the existing native
valve leatlets.

FIGS. 7TA-7F illustrate a method for operating a valve
prosthesis delivery system. The delivery system can be
advances through the aorta to the native aortic valve using
a delivery system, such as the embodiment described above
in FIGS. 6A-6F. As shown 1n FIG. 7A, 1n some embodi-
ments, a guiding mechanism, e.g., a guidewire 180 may be
advanced towards the target location and fed through the
corec member 110 to permit the delivery system 100 to
advance toward the target location along the guidewire 180.
Entry of the delivery system 100 into the vasculature can
occur through a variety of paths. However, as described 1n
the present disclosure, the guidewire 180 can be introduced
into the aorta and advanced towards the aortic arch. The
delivery system 100 can then be advanced along the guide
wire 180 until reaching the target location, e.g., the aortic
valve of the heart.

FIG. 7A 1illustrates the delivery system 100 after reaching,
the aortic valve. As discussed above with regard to FIGS.
6A-6F, the delivery system 100 can be delivered to the target
location a delivery configuration (FIG. 6A) and later
manipulated to permit expansion of various components of
the valve prosthesis 103.

As described above, FIG. 6A illustrates the delivery
system 100 as 1t 1s configured prior to mnserting the delivery
system 1nto the patient and during advancement of the
delivery system through the patient’s vasculature toward the
target location. The valve prosthesis 105 1s packed within the

10

15

20

25

30

35

40

45

50

55

60

65

20

delivery system 100 in a compact configuration such that the
support frame 107 and the valve anchor 120 of the valve
prosthesis 105 are packed serially within the sheath 150. As
1s normal practice, the guidewire 1s first introduced 1nto the
patient, e.g., into the femoral artery or, 11 using a transapical
procedure, mto the left ventricle, and advanced to the
appropriate heart chamber, past or beyond the native cardiac
valve 1 need of repair. Although not illustrated in the
figures, the present disclosure can also provide for transapi-
cal delivery of the valve prosthesis 103.

A method of delivering a valve prosthesis to a target
location having a damaged or defective valve includes
advancing the delivery system 100 into a blood vessel, e.g.,
the aorta, to position the valve anchor 120 at the target
location. In some embodiments, the target location 1s a
position adjacent to an aortic valve of a patient’s heart. In
particular, the target location may be a position directly
above the native aortic leaflets 190, as illustrated in FIG. 7A.
The advancing of the delivery system 100 may be achieved
by advancing a distal end thereof to the target location 1n a
direction opposite to that of blood flow.

Once the delivery system has been advanced into the
blood vessel, the clinician can control the delivery system
100 by actuating one or more actuators on the control unit.
In some embodiments, the actuator(s) may be, but i1s not
limited to a knob, a lever, a trigger, a slider, a button, and/or
a handle of the control unit. Actuation of the actuator can
cause the sheath 150 to retract proximally and reveal at least
a portion of the valve anchor 120 at the target location (as
shown 1n FIGS. 6A to 6B and 7A). Proximal retraction of the
sheath 150 permits the U-shaped members 126 of the valve
anchor 120 to expand at the target location for positioning
the valve anchor 120 1n a desired orientation. As portions of
the U-shaped member 126 are exposed, they will tend to
expand radially away from the central axis (or guidewire
axis). The radial extension of the U-shaped members 126
can permit the clinician to at least initially align, position,
and/or rotate the delivery system 100 into proper alignment
within the native valve. In some situations, advancement of
the delivery system 100 through the native vasculature can
tend to cause the U-shaped member to bend backwards or
evert 1n a direction opposite that shown 1n FIG. 7A. In such
situations, 1f the sheath 150 1s retracted only partially from
over the valve anchor 120, the sheath 150 can be distally
advanced relative to the valve anchor 120 to push or urge the
U-shaped members into a forward-pointing or non-everted
orientation, as shown in FIG. 7A.

FIG. 7A illustrates placement of the distal end of delivery
system 100 including the nose cone 156 within the aorta past
the native aortic valve. The distal end section of the delivery
system 100, including the nose cone 1356, can be advanced
and positioned in the aorta past the native aortic valve
leaflets 190. As shown 1n FIGS. 7A and 7B, after properly
positioning the valve sheath 150, which houses the valve
prosthesis 105, within the aorta, the valve sheath 150 can be
pulled 1n a proximal direction to uncover the valve anchor
120. This allows the base portions 144 of the U-shaped
members 126 of the valve anchor 120 to radially expand
towards the interior wall of the aorta.

In some embodiments, as discussed herein, the base
portions 144 of the valve anchor 120 function as “feelers”™
which allow the clinician to properly place the valve anchor
120 and support frame 107 within the native valve structure
with minimal or no 1imaging during the time of expansion
(see FIGS. 7A and 7B). The valve anchor 120 may be made
of, but not limited to, a shape memory material or metal,
such as nitinol, as discussed herein.
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In some embodiments, the delivery system 100 1s further
advanced distally and/or rotates until the valve anchor 120
gently sits 1in the native aortic structure, such as the annulus
or sinuses, at the target location. While the valve anchor 120
1s advanced distally, it rotates and can self-align according
to the anatomical orientation of the native aortic leatlets 190,
as shown in FIG. 7B.

After the valve anchor 120 1s properly seated or posi-
tioned relative to the native valve structure, the clinician can
distally advance the pusher component 165 to contact and
distally advance the pin assembly 125 relative to the lock
component 140. In some embodiments, the distal advance-
ment of the pusher component 165 comprises distally
advancing the pusher block 178 to contact and displace the
support frame 107 and the pusher component 165 1n a distal
direction until contacting the pin assembly 135. This causes
an 1ncrease 1n the axial spacing between the lock component
140 and the piston member 136 (not shown), as illustrated
by distances D1 and D2 1n FIGS. 6C and 6D, thereby distally
advancing the pins 135 out of the engagement region 143.

Accordingly, as shown i FIGS. 7C and 7D, in some
embodiments, the distally advancement of the pusher com-
ponent 165 comprises contacting and distally displacing the
proximal face 172 of the radial flange 175 (not shown, but
see FIGS. 6B-6D) of the pusher component 165 relative to
the core member 110, by distally advancing the support
frame 107 in the collapsed state by advancing the pusher
block 178 and the sheath 150 relative to the core member
110. Daistal advancement of the pin assembly 125 relative to
the lock component 140 causes the pins 135 of the pin
assembly 125 to disengage from the lock aperture 145 of the
lock component, thereby permitting release of the valve
anchor 120 from the delivery system 100.

After releasing the anchoring legs 122 of the valve anchor
120 1n order to fully release the valve anchor 120, the
delivery system 100 can optionally be distally advanced
within the valve anchor 120 in order to position the support
frame 107 at a desired longitudinal position within the
lumen of the valve anchor 120. Thereafter, the valve sheath
150 (which at this time, continues to extend over or cover the
support frame 107) can be retracted distally relative to the
core member 110 towards the lock component 140, as
illustrated in FIGS. 7E and 7F.

In accordance with some embodiments, the delivery sys-
tem 100 can also be advantageously configured to position
portions of the valve anchor 120 on opposing sides of the
native valve leaflets. Such an ability enables the delivery
system 100 to create a more secure engagement between the
valve anchor 120 and the native valve structure. Such
configurations and advantages can be achieved by using the
engagement mechanism, which can constrain a portion of
the anchoring legs of the valve anchor. Further, other
embodiments can also provide additional features that facili-
tate engagement of the opposing sides of the native valve
leaflets.

For example, as illustrated in FIG. 7B, the support frame
107 can be slidably coupled to the anchoring leg 122 of the
valve anchor 120 via a suture 170, which can create a radial
restriction against expansion of the proximal portion of the
valve anchor 120. When the support frame 107 1s moved
distally towards the lock component 140, the suture 170 1s
accordingly moved distally along the anchoring leg 122 of
the valve anchor 120 toward the lock component 140 (see
FIGS. 7B-7D). The relief of the radial restriction created by
the sutures 170 thereby permits the proximal end portion of
the valve anchor 120 to expand radially outwards while
holding distal ends of the valve anchor 120 stationary along,
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a longitudinal axis thereof as the valve anchor 120 expands
radially. The anchoring legs 122 of the valve anchor 120 can
thus be positioned radially inside of or central to the valve
leaflets and the base portions 144 of the U-shaped members
126 can be positioned directly against the aortic wall (e.g.,
within the valve sinuses), radially outside of or about the
periphery of the valve leaflets.

Thereatter, the sheath 150 and the support frame 107 are
thus advanced distally until distal ends of the sheath 150 and
the support frame 107 are positioned directly above the lock
component 140. FIG. 7D illustrates a positioning of the
support frame 107 1n a final, pre-release position. The distal
advancement of the sheath 150 and the support frame 107 to
the position directly above the lock component 140 also
positions the support frame 107 at a pre-release position,
which can be adjusted as needed after releasing the valve
anchor 120. In some embodiments, the pre-release position
1s a position i which the support frame 107 1s disposed
within the sheath 105 and longitudinally within a passage of
the valve anchor 120.

When the support frame 107 reaches the final the pre-
release position, the clinician can then further advance the
pusher component 165 to distally advance the pin assembly
125 and thereby release the valve anchor 120 from engage-
ment with the pin assembly 125, That 1s, the anchoring legs
122 can be released from being locked or engaged in the
engagement region 143 between the lock apertures 145 of
the lock component 140 and the connection aperture 127 of
the pin assembly 125, as illustrated in FIG. 7E.

FIG. 7E also illustrates the support frame 107 1mn a
partially expanded configuration. After the anchoring legs
122 of the valve anchor 120 are released from being locked
between the lock component 140 and the pin assembly 125,
the control unit 1s then activated to retract the sheath 1350
proximally along the core member 110 to expose or reveal
the support frame 107 and permit the support frame 107 to
begin to expand. As the support frame 107 begins to expand,
the support frame 107 can be circumierentially constrained
(1.e., the rotational orientation of the support frame 107)
relative to the valve anchor 120 via the sutures 170. Thus, 1n
some embodiments, the sutures 170 can cause expansion of
the support frame 107 can be automatically guided and
secured 1n the proper position by the valve anchor 120.

Retferring now to FIG. 7F, the valve prosthesis 105 can
comprise a plurality of prosthetic valve leatlets 109 coupled
to the support frame 107. The valve leaflets 109 can have
surfaces that form a reversibly sealable opening for umdi-
rectional flow of a liquid through the valve prosthesis 105.
The valve prosthesis 105 can include three valve leatlets 109
for a tri-leaflet configuration. As appreciated, mono-leatlet,
bi-leatlet, and/or multi-leaflet configurations are also pos-
sible.

For example, the valve leatlets 109 can be coupled to the
support frame 107 to span and control fluid flow through the
lumen of the valve prosthesis 105. Further, in some embodi-
ments, the valve prosthesis 105 can comprise a membrane or
sealing layer 108 that 1s coupled to the support frame 107
and the valve leaflets 109. The membrane 108 can tend to
ensure that blood flows through the central aperture or
lumen of the valve prosthesis 105. The valve prostheses as
described herein may be used 1n various aspects of 1mplan-
tation systems described herein or 1n any method or system
known by one with ordinary skill in the art to implant a valve
prosthesis 1mto a subject.

The sealing and anchoring of the valve prosthesis 105
relative to the surrounding native valve structure 1s also
tacilitated through the interposition of the native heart valve
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leaflets 190 between the valve anchor 120 and the support
frame 107. This positioning of the valve leatlets 190 facili-
tates anchoring of the valve prosthesis 105 1n the native
valve structure and can be applicable to all coronary valves
(1.e., aortic, pulmonary, tricuspid and mitral). In some 5
embodiments, the number of valve anchors 120 can be equal

to the number of native leatlets 190 within the native valve
being treated.

FIG. 7F illustrates the support frame 107 in the fully
expanded, released configuration. As illustrated 1n FIG. 7F, 10
the support frame 107 may be properly placed within the
native valve structure when the base portions 144 of the
U-shaped members 126 of the valve anchor 120 are approxi-
mately adjacent to the distal end of support frame 107.
Further, the support frame 107 may be properly placed 15
within the native valve structure when expansion of support
frame 107 will result 1n a sandwiching of the native aortic
valve leatlets 190 between the expanded support frame 107
and valve anchor 120.

In some embodiments, after the support frame 107 has 20
been expanded and released within the native valve struc-
ture, the control unit may be actuated to retract the rest of the
delivery system 100, other than the support frame 107 and
the valve anchor 120. For example, the sheath 150 can be
distally advanced over the core member 110 to mate the 25
radial depression 154 of the nose cone 156 against the distal
end of the sheath 150. In this manner, the delivery system
100 can assume the delivery configuration in which the
delivery system 100 has a generally smooth outer profile that
will avoid catching or otherwise damaging the vasculature 30
during removal. The delivery system 100 can thereafter be
removed from the patient.

Additional Aspects of Valve Prostheses

As also 1illustrated i FIG. 7F, when expanded and
released, the support frame 107 can comprise a first end 35
portion 210 and a second end portion 212. The first end
portion 210 can be positioned upstream of the second end
portion 212 when the prosthesis 105 is released within the
native valve structure.

As 1llustrated m FIG. 7F, the first end portion 210 of the 40
support frame 107 can be shaped as a generally flat end of
a cylinder, where first apices 214 of the support frame 107
lie generally 1n a common plane, which can be oriented
substantially perpendicular relative to a longitudinal axis of
the prosthesis 105. 45

Optionally, the second end portion 212 can be shaped to
include a series of peaks 230 and valleys 232, where second
apices 236 of the support frame 107 collectively form
contours of the peaks 230 and valleys 232. The peaks 230
and valleys 232 of the second end portion 212 can be 50
positioned downstream of the first end portion 210 when the
prosthesis 1s seated within the native valve annulus. In
accordance with some embodiments, the prosthetic leatlets
109 can be coupled relative to the support frame 107 at
locations circumierentially aligned with the peaks 230 of the 55
second end portion 212, as shown 1n FIG. 7F. This unique
configuration can advantageously enable the prosthesis 100
to more fully approximate the native valve structures, permit
a more natural blood flow without limiting or otherwise
constraiming movement of the valve leatlets 109, and more 60
seamlessly integrate with surrounding architecture of the
heart.

In some embodiments, at the second end portion 212, an
axial end of the membrane 108 can be shaped to cover the
major peaks 230 and valleys 232 of the second end portion 65
212. In some embodiments, the membrane 108 can be
shaped to cover the second apices or minor peaks 236 within
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the valleys 232 between the major peaks 230. Advanta-
geously, the configuration of the minor peaks 236 between
the major peaks 230 can allow improved access to and
prevent obstructions of the ostia compared to prior art valve
prostheses.

A prior art valve prosthesis, implanted within an aorta
may block or obstruct the coronary ostia disposed a distance
away Irom the valve annulus due to the geometry of the
valve frame and the membrane, as discussed 1 Applicant’s
copending patent applications U.S. Patent Application No.
62/614,488, filed on Jan. 7, 2018 (122271-3025), U.S.
Patent Application No. 62/614,489, filed on Jan. 7, 2018
(122271-5040), U.S. Patent Application No. 62/756,556,
filed on Nov. 6, 2018 (122271-5127), and U.S. Patent
Application No. 62/781,537, filed on Dec. 18, 2018
(122271-3129), the enftiretiecs of which are incorporated
herein by reference.

Referring to FIG. 7F, the difference in height between the
major peaks 230 and the minor peaks 236 facilitates access
to the coronary ostia while allowing for desired operation of
the valve prosthesis 1035. In some embodiments, the minor
peaks 236 are configured to be low enough to allow a variety
of sizes and locations of the coronary ostia with respect to
the native valve annulus location of a patient. Advanta-
geously, 1n some embodiments, the minor peaks 236 allow
for access to ostia that are less than 10 mm, less than 8 mm,
or less than 6 mm 1n coronary ostia height, which are
typically excluded by conventional available prostheses.
The ostia height can be measured as the vertical distance
between the inferior edge of the coronary artery ostium and
the aortic annular plane. Further, in some embodiments, the
minor peaks 236 allow for access to ostia that are disposed
at a lower axial distance (or ostia height) relative to the valve
annulus. Furthermore, in some embodiments, the valve
prosthesis 105 can be arranged to be disposed lower 1n the
valve annulus to allow greater access to the ostia. By
providing minor peaks 236 between the major peaks 230,
and optionally used with one or more other features dis-
cussed herein, access to the coronary ostia 1s preserved
allowing for future procedures that may require access to the
ostia, such as coronary stenting.

In accordance with some embodiments, the axial length of
the support frame 107 can vary between the major peaks
230, the minor peaks 236, and the valleys 232.

For example, the axial length of the support frame 107
measured at the major peaks 230 can be about 10% to about
50%, about 20% to about 40%, about 25% to about 35%, or
about 33% greater than the axial length measured at the
minor peaks 236.

Additionally, 1n some embodiments, the axial length of
the support frame 107 measured at the major peaks 230 can
be about 50% to about 150%., about 70% to about 130%,
about 90% to about 110%, or about 100% greater than the
axial length measured at the valleys 232.

Further, 1n some embodiments, although the membrane
108 1s 1llustrated as following the major peaks 230 and the
minor peaks 236 along the second end portion 212 of the
support frame 107, the membrane 108 can also extend along
the individual struts or frame members of the support frame
107. Thus, the individual struts forming the support frame
107 can define approximately the boundary of the membrane
108.

Additional aspects of the support frame 107, the mem-
brane 108, and valve anchor 120 can be configured as
discussed and 1llustrated 1n some of Applicant’s copending
applications noted above, the entirety of which 1s incorpo-
rated herein by reference.
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For example, in some embodiments, the membrane 108
can be formed or manufactured by cutting the membrane
108 from a woven or mesh fabric. The membrane fabric can
be a fabric formed from woven fiber, such as woven poly-
ester. As discussed and illustrated 1n some of Applicant’s
copending applications noted above, the membrane fabric
can be woven together with fibers 1n a warp direction and a
welt direction that are oriented transverse, and 1n some
cases, perpendicular, relative to each other. In some embodi-
ments, a fabric may resist stretching 1n the warp and welt
directions while allowing stretching and compliance 1n
directions oblique to or biased from the warp and welt
directions. The membrane 108 and frame 107 can be con-
figured as also disclosed 1n some of Applicant’s copending
applications noted above.

Optionally, one or more membranes 108 can be cut from
the membrane fabric using templates that are generally in
the shape of the membrane. One or more templates can be
placed on the membrane fabric to cut out the membrane. The
template can be oriented at an angle relative to the mem-
brane fabric so that the membrane, when coupled to the
support frame 107, defines a bias angle between the warp or
welt directions of the fibers of the membrane and the
longitudinal axis of the support frame 107. The bias angle
can be from about 30 degrees to about 60 degrees, such as
about 35 degrees, about 40 degrees, about 45 degrees, about
50 degrees, or about 55 degrees.

In some embodiments, the warp and welt of the woven
membrane 108 can be oriented relative to the longitudinal
axis at a bias angle between 0 and 90 degrees. In some
embodiments, the woven membrane 108 can be oriented at
a bias angle between about 15 and about 75 degrees relative
to the longitudinal axis. In some embodiments, the woven
membrane 108 can be oriented at a bias angle between about
30 degrees and about 60 degrees relative to the longitudinal
axis. In some embodiments, the woven membrane 108 can
be oriented at a bias angle of about 45 degrees relative to the
longitudinal axis.

By ornienting the templates at a bias angle relative to the
membrane fabric, the resulting membrane 108 can be cut on
the bias with the bias angle with respect to the warp and wett
directions of the membrane fabric. In some embodiments,
the membrane 108 can be cut at the bias angle by spiral
wrapping the membrane fabric onto the support frame 107
and cutting the membrane fabric.

Through implementation of a bias orientation of fibers of
the membrane 108 on the support frame 107, the membrane
108 can more easily radially compress and axially elongate
in tandem with the support frame 107, thus permitting the
membrane 108 and the support frame 107 to operate as a
single unit, in some embodiments. Similarly, in some
embodiments, by orienting the membrane 108 along a bias
angle, the membrane 108 can more readily elongate along
longitudinal axis to obtain a smaller cross-sectional profile,
which can prevent flaring, bunching, or pleating, thereby
mimmizing the cross-sectional profile of the valve prosthesis
105 1n a compressed configuration.

Illustration of Subject Technology as Clauses

Various examples of aspects of the disclosure are
described as numbered clauses (1, 2, 3, etc.) for conve-
nience. These are provided as examples, and do not limit the
subject technology. Identifications of the figures and refer-
ence numbers are provided below merely as examples and
for 1llustrative purposes, and the clauses are not limited by
those 1dentifications.

Clause 1. A method of assembly for valve prosthesis
delivery, the method comprising: coupling at least one suture
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to a support frame; and looping the at least one suture to an
anchoring leg of a valve anchor so that the at least one suture
1s slidable along the anchoring leg.

Clause 2. The method of Clause 1, further comprising
compacting the support frame and the valve anchor; and
housing the compacted support frame and the compacted

valve anchor within a sheath with the support frame coupled
to the valve anchor via the at least one suture.

Clause 3. The method of Clause 1, further comprising
iserting a pin through a connection aperture of the anchor-
ing leg to constrain a portion of the anchoring leg.

Clause 4. The method of Clause 1, further comprising
sliding the pin through the connection aperture and through
a lock aperture.

Clause 5. The method of Clause 3, further comprising
positioning the portion of the anchoring leg between a first
flange and a second flange.

Clause 6. A method of assembly for valve prosthesis
delivery, the method comprising: coupling a plurality of
sutures to an end of a support frame; looping the plurality of
sutures to a plurality of anchoring legs of a valve anchor so
that the plurality of sutures are slidable along the plurality of
anchoring legs, wherein each of the anchoring legs 1is
interconnected between a pair of U-shaped members of the
valve frame, and wherein each of the plurality of sutures are
looped 1n a respective longitudinal slot extending along a
length of the respective anchoring leg; compacting the
support frame and the valve anchor; and housing the com-
pacted valve anchor and the compacted support frame
slidably coupled to the compacted valve anchor within an
outer sheath.

Clause 7. The method of Clause 6, further comprising
arranging the compacted valve anchor and the compacted
support frame serially within the outer sheath.

Clause 8. The method of Clause 6, further comprising
iserting a plurality of pins of a pin assembly through a
plurality of connection apertures of the plurality of anchor-
ing legs to radially constrain an end of each of the anchoring
legs.

Clause 9. The method of Clause 8, further comprising
sliding the plurality of pins through the plurality of connec-
tion apertures and through a plurality of lock apertures.

Clause 10. The method of Clause 8, further comprising
positioning the end of each of the anchoring legs between a
first flange and a second flange.

Clause 11. A system for valve prosthesis delivery com-
prising: a support frame; a valve anchor comprising an
anchoring leg and a plurality of U-shaped members; and a
suture coupled to the support frame and slidably coupled to
the anchoring leg.

Clause 12. The system of Clause 11, wherein the anchor-
ing leg comprises a longitudinal slot extending along a
length of the anchoring leg, wherein the suture 1s slidably
coupled along the longitudinal slot.

Clause 13. The system of Clause 11, further comprising a
pin, wherein the anchoring leg comprises a connection
aperture and the pin extends through the connection aperture
to constrain a portion of the anchoring leg.

Clause 14. The system of Clause 11, further comprising a
lock component comprising a lock aperture, wherein the pin
further extends through the lock aperture.

Clause 15. The system of Clause 14, wherein the lock
component comprises a {irst flange portion, a second flange
portion, and an engagement region nterposed between the
first flange portion and the second flange portion, wherein
the lock aperture extends through the first flange portion and
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the second flange portion, and wherein the portion of the
anchoring leg 1s disposed 1n the engagement region.

Clause 16. The system of Clause 13, wherein the con-
nection aperture comprises a hole at an end of the anchoring
leg.

Clause 17. The system of Clause 11, wherein the support
frame has a first end portion and a second end portion
opposite to the first end portion, the suture 1s coupled to the
first end portion, and the second end portion has a plurality
of major peaks and valleys and a plurality of minor peaks
between the plurality of major peaks.

Clause 18. The system of Clause 17, further comprising a
membrane shaped to cover the minor peaks.

Clause 19. The system of Clause 11, wherein the valve

anchor and the support frame are compacted within an outer
sheath.

Clause 20. The system of Clause 19, wherein the valve
anchor and the support frame coupled to the valve anchor are
positioned serially within the outer sheath.

Clause 21. A system for valve prosthesis delivery com-
prising: a support frame; a valve anchor comprising three
anchoring legs and three U-shaped members interconnected
between the three anchoring legs, wherein each of the
anchoring legs has a proximal end attached to a U-shaped
member, a distal end having a connection aperture, and a
longitudinal slot extending along a length of the anchoring
leg, such that the three anchoring legs have three connection
apertures and three longitudinal slots; and three suture loops
coupled to the support frame and shidably coupled to the
three anchoring legs along the three longitudinal slots.

Clause 22. The system of Clause 21, further comprising a
pin assembly having an annular component and three pins
extending proximally from a proximal face of the annular
component, wherein the three pins extend through the three
connection apertures to radially constrain the distal ends of
the three anchoring legs.

Clause 23. The system of Clause 22, further comprising a
lock component comprising three lock apertures, wherein
the three pins further extend through the three lock aper-
tures.

Clause 24. The system of Clause 23, wherein the lock
component comprises a distal flange portion, a proximal
flange portion, and an engagement region interposed
between the distal flange portion and the proximal flange
portion, wherein the three lock apertures extend through the
distal flange portion and the proximal flange portion, and
wherein the distal ends of the three anchoring legs are
disposed 1n the engagement region.

Clause 25. The system of Clause 21, wherein the three
connection apertures comprise three holes extending
through the distal ends of the three anchoring legs.

Clause 26. The system of Clause 21, wherein the support
frame has a distal end portion and a proximal end portion,
the three suture loops are coupled to the distal end portion,
and the proximal end portion has a plurality of major peaks
and valleys and a plurality of minor peaks between the
plurality of major peaks.

Clause 27. The system of Clause 26, further comprising a
membrane covering the minor peaks.

Clause 28. The system of Clause 21, wherein the valve
anchor and the support frame are compacted within an outer
sheath.

Clause 29. The system of Clause 28, wherein the valve
anchor and the support frame coupled to the valve anchor are
positioned serially within the outer sheath with the valve
anchor disposed distal to the support frame.
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Clause 30. The system of Clause 21, wherein each of the
valve anchor and the support frame are self-expanding
components.

Clause 31. The system of Clause 30, wherein each of the
valve anchor and the support frame are made of nitinol.

Clause 32. The system of Clause 21, further comprising a
pin assembly having an annular component and three pins
extending proximally from a proximal face of the annular
component; and a lock component comprising a distal tlange
portion, a proximal flange portion, an engagement region
interposed between the distal tlange portion and the proxi-
mal flange portion, and three lock apertures extending
through the distal flange portion and the proximal flange
portion, wherein the three pins extend through the three
connection apertures and through the three lock apertures
with the distal ends of the three anchoring legs disposed in
the engagement region to radially constrain the distal ends of
the three anchoring legs, and wherein each of the valve
anchor and the support frame are self-expanding compo-
nents.

Clause 33. A method for delivering a valve prosthesis to
a target location 1 a vessel of a subject, the method
comprising: introducing a delivery system into the vessel to
position a valve anchor of the valve prosthesis at the target
location; proximally retracting a sheath of the delivery
system to permit anchoring members of the valve anchor to
expand for anchoring the valve anchor at the target location;
distally advancing a support frame of the valve prosthesis
within the valve anchor while distally sliding a suture
coupled to the support frame along an anchoring leg of the
valve anchor; and expanding the support frame within the
valve anchor.

Clause 34. The method of Clause 33, wherein distally
sliding the suture comprises moving the suture from a
proximal position 1n which the suture provides a radial
restriction on a proximal portion of the valve anchor to a
distal position in which the radial restriction 1s relieved to
thereby permit radial expansion of the proximal portion of
the valve anchor.

Clause 35. The method of Clause 34, further comprising:
radially restricting a distal portion of the anchoring leg with
a pin extending through a connection aperture of the anchor-
ing leg when the suture 1s 1n the proximal position; and
disengaging the pin from the connection aperture when the
suture 1s 1n the distal position to permit radial expansion of
the distal portion of the anchoring leg.

Clause 36. The method of Clause 33, wherein distally
sliding the suture comprises sliding the suture along a
longitudinal slot extending along a length of the anchoring
leg.

Clause 37. The method of Clause 33, further comprising:
radially restricting a distal portion of the anchoring leg with
an engagement mechanism during the distally sliding of the
suture.

Clause 38. The method of Clause 33, wherein the expand-
ing the support frame comprises proximally retracting the
sheath from over the support frame to permit the support
frame to self-expand within the valve anchor.

Clause 39. The method of Clause 33, wherein the target
location comprises an aortic valve, wherein the anchoring
members each comprise a U-shaped member, and wherein
the method further comprises advancing the U-shaped mem-
bers 1nto respective aortic valve sinuses of the aortic valve.
Further Considerations

In some embodiments, any of the clauses herein may
depend from any one of the independent clauses or any one
of the dependent clauses. In some embodiments, any of the
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clauses (e.g., dependent or independent clauses) may be
combined with any other one or more clauses (e.g., depen-
dent or independent clauses). In some embodiments, a claim
may include some or all of the words (e.g., steps, operations,
means or components) recited in a clause, a sentence, a
phrase or a paragraph. In some embodiments, a claim may
include some or all of the words recited 1n one or more
clauses, sentences, phrases or paragraphs. In some embodi-
ments, some of the words 1n each of the clauses, sentences,
phrases or paragraphs may be removed. In some embodi-
ments, additional words or elements may be added to a
clause, a sentence, a phrase or a paragraph. In some embodi-
ments, the subject technology may be implemented without
utilizing some of the components, elements, functions or
operations described herein. In some embodiments, the
subject technology may be implemented utilizing additional
components, elements, functions or operations.

The foregoing description 1s provided to enable a person
skilled in the art to practice the various configurations
described herein. While the subject technology has been
particularly described with reference to the various figures
and configurations, 1t should be understood that these are for
illustration purposes only and should not be taken as limiting
the scope of the subject technology.

There may be many other ways to implement the subject
technology. Various functions and elements described herein
may be partitioned differently from those shown without
departing from the scope of the subject technology. Various
modifications to these configurations will be readily appar-
ent to those skilled 1n the art, and generic principles defined
herein may be applied to other configurations. Thus, many
changes and modifications may be made to the subject
technology, by one having ordinary skill in the art, without
departing from the scope of the subject technology.

It 1s understood that the specific order or hierarchy of
steps 1n the processes disclosed 1s an 1llustration of exem-
plary approaches. Based upon design preferences, 1t 1s
understood that the specific order or hierarchy of steps in the
processes may be rearranged. Some of the steps may be
performed simultaneously. The accompanying method
claims present elements of the various steps 1 a sample
order, and are not meant to be limited to the specific order
or hierarchy presented.

As used herein, the term ““distal” can denote a location or
direction that 1s away from a point of interest, such as a
control unit or region of the delivery system that will be used
to deliver a valve prosthesis to a native valve annulus.
Additionally, the term “proximal” can denote a location or
direction that 1s closer to a point of interest, such as a control
unit or region of the delivery system that will be used to
deliver a valve prosthesis.

As used herein, the phrase “at least one of” preceding a
series of items, with the term “and” or “or” to separate any
of the items, modifies the list as a whole, rather than each
member of the list (i.e., each item). The phrase “at least one
of” does not require selection of at least one of each item
listed; rather, the phrase allows a meaning that includes at
least one of any one of the 1tems, and/or at least one of any
combination of the items, and/or at least one of each of the
items. By way of example, the phrases “at least one of A, B,
and C” or “at least one of A, B, or C” each refer to only A,
only B, or only C; any combination of A, B, and C; and/or
at least one of each of A, B, and C.

Terms such as “top,” “bottom,” “front,” “rear” and the
like as used in this disclosure should be understood as
referring to an arbitrary frame of reference, rather than to the
ordinary gravitational frame of reference. Thus, a top sur-
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face, a bottom surface, a front surface, and a rear surface
may extend upwardly, downwardly, diagonally, or horizon-
tally 1n a gravitational frame of reference.

Furthermore, to the extent that the term “include,” “have,”
or the like 1s used 1n the description or the claims, such term
1s intended to be inclusive in a manner similar to the term
“comprise’” as “‘comprise” 1s interpreted when employed as
a transitional word in a claim.

The word “exemplary” 1s used herein to mean “serving as
an example, instance, or illustration.” Any embodiment
described herein as “exemplary” 1s not necessarily to be
construed as preferred or advantageous over other embodi-
ments.

A reference to an element 1n the singular 1s not intended
to mean “one and only one” unless specifically stated, but
rather “one or more.” Pronouns in the masculine (e.g., his)
include the feminine and neuter gender (e.g., her and 1ts) and
vice versa. The term “some” refers to one or more. Under-
lined and/or 1talicized headings and subheadings are used for
convenience only, do not limit the subject technology, and
are not referred to in connection with the interpretation of
the description of the subject technology. All structural and
functional equivalents to the elements of the various con-
figurations described throughout this disclosure that are
known or later come to be known to those of ordinary skall
in the art are expressly incorporated herein by reference and
intended to be encompassed by the subject technology.
Moreover, nothing disclosed herein 1s intended to be dedi-
cated to the public regardless of whether such disclosure 1s
explicitly recited in the above description.

Although the detailed description contains many specii-
ics, these should not be construed as limiting the scope of the
subject technology but merely as illustrating different
examples and aspects of the subject technology. It should be
appreciated that the scope of the subject technology 1includes
other embodiments not discussed in detail above. Various
other modifications, changes and variations may be made 1n
the arrangement, operation and details of the method and
apparatus of the subject technology disclosed herein without
departing from the scope of the present disclosure. Unless
otherwise expressed, reference to an element 1in the singular
1s not intended to mean “one and only one™ unless explicitly
stated, but rather 1s meant to mean ‘“one or more.” In
addition, 1t 1s not necessary for a device or method to address
every problem that 1s solvable (or possess every advantage
that 1s achievable) by different embodiments of the disclo-
sure 1 order to be encompassed within the scope of the
disclosure. The use herein of “can” and derivatives thereof
shall be understood 1n the sense of “possibly” or “option-
ally” as opposed to an athrmative capability.

What 1s claimed 1s:

1. A method of assembly for valve prosthesis delivery, the
method comprising:

coupling a plurality of sutures to an end of a support

frame:

looping the plurality of sutures to a plurality of anchoring

legs of a valve anchor so that the plurality of sutures are
slidable along the plurality of anchoring legs, wherein
cach of the anchoring legs 1s interconnected between a
pair ol U-shaped members of the valve anchor, wherein
cach of the plurality of sutures are looped 1n a respec-
tive longitudinal slot of the respective anchoring leg,
and each respective longitudinal slot extends along a
longitudinal length of the valve anchor and wherein
cach respective suture 1s slidably coupled along the
respective longitudinal slot;

compacting the support frame and the valve anchor; and
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housing the compacted valve anchor and the compacted
support frame slidably coupled to the compacted valve
anchor within an outer sheath.

2. The method of claim 1, further comprising arranging,
the compacted valve anchor and the compacted support
frame serially within the outer sheath.

3. The method of claim 1, further comprising 1nserting a
plurality of pins of a pin assembly through a plurality of
connection apertures of the plurality of anchoring legs to
radially constrain an end of each of the anchoring legs.

4. The method of claim 3, further comprising sliding the
plurality of pins through the plurality of connection aper-
tures and through a plurality of lock apertures.

5. The method of claim 3, further comprising positioning,
the end of each of the anchoring legs between a first flange
and a second flange.

6. A system for valve prosthesis delivery comprising:

a support frame;

a valve anchor comprising an anchoring leg and a plu-
rality of U-shaped members, wherein the anchoring leg
comprises a longitudinal slot extending along a longi-
tudinal length of the valve anchor; and

a suture coupled to the support frame and slidably coupled
to the anchoring leg along the longitudinal slot.

7. The system of claim 6, further comprising:

a pin,

wherein the anchoring leg comprises a connection aper-
ture and the pin extends through the connection aper-
ture to constrain a portion of the anchoring leg.

8. The system of claim 7, further comprising a lock
component comprising a lock aperture, wherein the pin
turther extends through the lock aperture.

9. The system of claim 8, wherein the lock component
comprises a lirst tlange portion, a second flange portion, and
an engagement region interposed between the first flange
portion and the second flange portion, wherein the lock
aperture extends through the first flange portion and the
second flange portion, and wherein the portion of the
anchoring leg 1s disposed 1n the engagement region.

10. The system of claim 6, wherein the support frame has
a first end portion and a second end portion opposite to the
first end portion, the suture 1s coupled to the first end portion,
and the second end portion has a plurality of major peaks
and valleys and a plurality of minor peaks between the
plurality of major peaks.

11. The system of claim 10, further comprising a mem-
brane shaped to cover the minor peaks.

12. The system of claim 6, wherein the valve anchor and
the support frame are compacted within an outer sheath.
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13. A valve anchor for a valve prosthesis, the valve anchor
comprising U-shaped members and anchoring legs disposed
in an alternating pattern about a longitudinal axis of the
valve anchor, each U-shaped member having a pair of peak
portions and a base portion disposed between the peak
portions, each anchoring leg having first and second end
sections, each first end section being coupled to peak por-
tions of adjacent U-shaped members, each second end
section being opposite the first end section thereof and
having a pin connection aperture that 1s couplable with a
delivery system to permit each second end section to be
actuated separately from the base portions of the adjacent
U-shaped members thereby allowing the base portions to
flare out radially relative to the second end sections while the
second end sections remain engaged via the pin connection
apertures thereof with a valve prosthesis delivery system
wherein each anchoring leg comprises a slot extending
between the first end section and the second end section,
wherein a suture 1s slidably coupled along each slot.

14. The valve anchor of claim 13, wherein the slot 1s
closed.

15. The valve anchor of claim 13, wherein the valve
anchor comprises three anchoring legs and three U-shaped
members.

16. A valve prosthesis comprising:

a valve anchor comprising an anchoring leg and a plu-

rality of U-shaped members, the anchoring leg having
a longitudinal slot extending along a longitudinal
length of the valve anchor; and

a support frame having a plurality of prosthetic valve

leaflets coupled thereto, the support frame being slid-
ably coupled to the longitudinal slot of the anchoring
leg for permitting longitudinal adjustability of the sup-
port frame relative to the valve anchor.

17. The prosthesis of claim 16, further comprising a suture
that slidably couples the support frame to the longitudinal
slot of the anchoring leg.

18. The prosthesis of claim 16, wherein the valve anchor
comprises three anchoring legs.

19. The prosthesis of claim 16, wherein the anchoring leg
extends longitudinally between adjacent U-shaped mem-
bers.

20. The prosthesis of claim 16, wherein the support frame
1s rotatably adjustable relative to the valve anchor.

21. The prosthesis of claim 16, wherein the anchoring leg
further comprises an aperture spaced longitudinally apart
from the longitudinal slot.
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